A total of 720 Escherichia coli strains isolated from diarrheic piglets on 756 swine farms were screened for the presence of the enteroaggregative E. coli heat-stable enterotoxin 1 (EAST1) gene by polymerase chain reaction (PCR). Escherichia coli strains that carried EAST1 genes were also tested by PCR for the presence of 4 fimbriae (F4, F5, F6, F41), 2 heat-stable enterotoxins (STa and STb), and 1 heat-labile enterotoxin (LT) gene. One hundred sixty-four (22.7%) of the 720 E. coli isolates carried genes for EAST1. Of these 164 isolates, 62 (37.8%) carried EAST1 genes only, 11 (6.7%) carried genes for at least 1 of the fimbrial adhesins, 51 (31.1%) carried genes for at least 1 of the enterotoxins, and 40 (23.8%) carried genes for at least 1 of the fimbrial adhesins and enterotoxins. Forty-six percent of strains that carried EAST1 genes carried STa genes, and 16% of strains that carried EAST1 genes carried F4. The isolation rate of enterotoxigenic E. coli strains carrying genes for EAST1 gene was 63%. The 6 major genotypes observed in this study (in decreasing order) were EAST1ϩ, EAST1ϩSTaϩ, EAST1ϩSTaϩSTbϩ, EAST1ϩSTaϩF5ϩ, EAST1ϩSTaϩF4ϩ, and EAST1ϩSTbϩF4ϩ. EAST1 is widely prevalent among diarrheagenic strains of E. coli and may represent an important virulence determinant in the pathogenesis of enteric colibacillosis of preweaned pigs.
Escherichia coli is a major cause of diarrhea in human beings and animals. The 4 major groups are enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic E. coli (EPEC), and enterohemorrhagic E. coli (EHEC). 5 Recently, evidence has accumulated to implicate a fifth distinct diarrheagenic category, enteroaggregative E. coli (EAggEC). The term enteroaggregative is derived from the pattern of adherence of bacteria to HEp-2 cells in culture. 6 EAggEC strains are a major cause of persistent diarrhea in children in the developing world. The aggregative adherence phenotype is associated with a bundle-forming pilus referred to as AAF/1. The genes for AAF/1 and a heat-stable enterotoxin 1 (EAST1) are carried on a 60-MD plasmid. EAST1 is genetically and immunologically distinct from heat-stable enterotoxin a (STa) produced by ETEC strains. 14, 15 In addition to EAggEC, the EAST1 gene is also carried by human, porcine, and bovine ETEC strains. 1, 10, 15 The EAST1 gene sequence of F4ϩ ETEC strains is slightly different from that of human-colonizing ETEC strains. [14] [15] [16] The gene encoding EAST1 is highly prevalent among other groups of diarrheagenic E. coli isolated from humans, e.g., EHEC, ETEC, and EAggEC. 10 Although enteric colibacillosis is common in piglets, little is known concerning the prevalence of EAST1-positive E. coli and, thus, its potential significance in isolates from this species. The purpose of this study was to investigate the prevalence of the EAST1 gene in E. coli isolated from diarrheic piglets and to determine its relationship with other fimbrial (F4, F5, F6, and F41) and enterotoxin (STa, STb, and LT) genes by using polymerase chain reaction (PCR) techniques.
Materials and methods
Escherichia coli strains. Between 1995 and 1998, 720 E. coli strains were isolated from 760 diarrheic piglets Ͻ14 days old from across Korea at the Department of Veterinary Pathology, Seoul National University. The isolates originated from cultures of ileal contents obtained from freshly euthanized piglets.
Reference strains. Reference E. coli strains were used as positive controls for the PCR; a strain of nonenterotoxigenic E. coli was used as a negative control. The strains used were E. coli O141:K85ab (negative control), E. A total of 720 isolates were tested for the EAST1 gene. Base sequences and predicted sizes of amplified products for the specific oligonucleotide primers used in this study are shown in Table 1 . The PCR for fimbriae and enterotoxins was carried out as previously described with slight modification. 16 Bacterial DNA amplification was performed using 5 l of the supernatant of lysed bacteria, 90 ng of oligonucleotide primers, 0.2 mM each of dATP, dGTP, dCTP, and dTTP, 10 mM Tris HCl (pH 8.8), 1.5 mM MgCl 2 , 50 mM KCl, and 1 unit of Taq poly- Table 1 . Primers used in PCR to amplify specific fragments from various enterotoxins and fimbrial adhesin genes from diarrheic pigs. Target merase, a all in 50 l of distilled water. The PCR profile used included a denaturing step at 94 C for 30 sec, followed by annealing of the primers at 55 C for 30 sec, with an extension step at 72 C for 1 min. The 30 cycles of this 3-step procedure were performed in a thermal cycler, b followed by a 10-min extension step at 72 C. The PCR reactions were repeated 3 times. Control DNA samples from reference strains were included in each reaction.
Detection of fimbrial and enterotoxin genes by PCR. Escherichia coli isolates that carried EAST1 genes were also examined for genes of fimbriae and enterotoxins. Base sequences and predicted sizes of amplified products for the specific oligonucleotide primers used in this study are shown in Table 1 . The PCR for fimbriae and enterotoxins was carried out as previously described with slight modification. 4, 7, 13 Bacterial DNA amplification was performed using 5 l of the supernatant of lysed bacteria, 90 ng of oligonucleotide primers, 0.2 mM each of dATP, dGTP, dCTP, and dTTP, 10 mM Tris HCl (pH 8.8), 1.5 mM MgCl 2 , 50 mM KCl, and 1 unit of Taq polymerase, a all in 50 l of distilled water. The PCR profile used included a denaturing step at 94 C for 1 min, followed by annealing of the primers at T1 for 2 min, with an extension step at 72 C for 1 min. T1 of each primer was determined by the following formula: T1 ϭ 4(G ϩ C) ϩ 2(A ϩ T), where G, C, A, and T indicate the number of corresponding nucleotides in the oligonucleotide. The 30 cycles of this 3-step procedures were performed in a thermal cycler, b followed by a 10-min extension step at 72 C.
The amplified product was visualized by standard gel electrophoresis of 10 l of the final reaction mixture on a 2% agarose gel. Amplified DNA fragments of specific sizes were located by ultraviolet fluorescence after staining with ethidium bromide. Their lengths were verified by a 100-base pair ladder run simultaneously. The PCRs were repeated 3 times. Control DNA samples from reference strains were included in each reaction.
Results
Each specific primer pair for the 4 fimbriae and 4 enterotoxins yielded a PCR product of the expected size for control strains and field isolates (Figs. 1, 2) . One hundred sixty-four (22.7%) of the 720 E. coli isolates carried the gene for EAST1. Of these 164 isolates, 62 (37.8%) carried the EAST1 gene as the only known virulence factor. Other isolates carried other virulence factor genes in addition to EAST1. Eleven isolates (6.7%) carried genes for at least 1 of the ETEC fimbrial adhesins, 51 (31.1%) carried genes for at least 1 of the enterotoxins, and 40 (23.8%) carried genes for at least 1 of the fimbrial adhesins and ETEC enterotoxins. Forty-six percent of strains that carried EAST1 genes carried STa genes, and 16% of strains that carried EAST1 genes carried the F4 gene. The 6 major genotypes observed in this study (in decreasing order) were EAST1ϩ, EAST1ϩSTaϩ, EAST1ϩSTaϩSTbϩ, EAST1ϩSTaϩF5ϩ, EAST1ϩSTaϩF4ϩ, and EAST1ϩ STbϩF4ϩ (Table 2) .
Among the 11 isolates known to carry genes for 1
Choi, Kwon, Chae or more of the fimbrial adhesins, 4 (36.4%) contained genes for F4, 3 (27.7%) contained genes for F5, 3 (27.7%) contained genes for F41, and 1 (9.1%) contained genes for F6. Among the 51 isolates known to carry genes for 1 or more of the enterotoxins, 33 (64.7%) contained genes for STa only, 9 (17.6%) contained genes for STa and STb, 5 (9.8%) contained genes for STb only, 3 (5.9%) contained genes for STa, STb, and LT, and 1 (2%) contained genes for STa and LT.
Among the 40 isolates known to carry genes for at least 1 of the fimbrial adhesins and enterotoxins, 9 (22.5%) contained genes for F5 and STa, 7 (17.5%) contained genes for F4 and STa, 3 contained genes for F4, STa, and STb, 3 carried genes for F6 and STa, 2 contained genes for F4, STa, and LT, 2 contained genes for F4, STa, STb, and LT, and 2 contained genes for F4, F6, STa, and STb.
Discussion
In the present study, we examined the prevalence of the EAST1 gene and the relationship of carriage of this gene with that of fimbriae and enterotoxin genes in E. coli isolates from piglets with diarrhea. Escherichia coli isolates that contained genes for at least 1 of the fimbrial adhesins or enterotoxins were classified as ETEC. The isolation rate of ETEC strains carrying genes for EAST1 gene was 63%. Carriage of genes for STa and F4 was commonly associated with carriage of genes for EAST1.
Although others have found that the genes for EAST1 and F4 are both carried on plasmids, 11, 15 in porcine ETEC strains the genes for these 2 virulence factors are carried on separate plasmids. 15 Human ETEC strains, in contrast to porcine ETEC strains, carry EAST1 and colonization factor antigen genes on the same plasmids. 14 The high prevalence of EAST1 among bovine CS31A-positive strains may be another example of association of the EAST1 toxin with an adhesive factor type. 1 The CS31A antigen is closely related to the porcine F4 adhesin. 3 The finding that strains carrying the EAST1 gene also possessed the STa gene may support the concept that EAST1 and STa genes are linked. Both EAST1 and STa activate guanylate cyclase. 9 However, EAST1 is detected in the rabbit and STa is detected in suckling mice. 2, 8 There are notable differences between these 2 moieties. The primary translation products are of markedly different lengths; estA1 encodes 72 amino acids, and astA encodes 38 amino acids. 12 Results of several studies, including the present study, indicate that the EAST1 gene is not restricted to EAggEC. A high prevalence of the EAST1 gene was found in both human and bovine origin ETEC and EHEC strains. 1, 10 Hence, EAST1 may have wider pathobiological significance. The high prevalence of the EAST1 gene in ETEC strains is particularly striking. ETEC cause secretory diarrhea in pigs by producing host-specific fimbrial adhesins and 1 or more of the enterotoxins LT, STa, and STb. However, it has not yet been determined whether porcine ETEC strains producing EAST1 only and lacking the other enterotoxins may be diarrheagenic in piglets. Further studies are needed to define a role of EAST1 in the pathogenesis of preweaned pigs with diarrhea.
The classical method for detection of EAST1 is the rabbit ileal mucosa assay, which employs the Ussing chamber, 8, 9 but it is expensive and time consuming and requires euthanasia of animals. The PCR test is sensitive and can be completed rapidly, giving results such as the identification of the EAST1 gene within 1 working day. 15, 16 Because the nucleotide sequence of the EAST1 gene is somewhat variable, 16 proper selection of primers is important to avoid false-negative results. The primers used in this study consistently detected the EAST1 gene in EAggEC, ETEC, and EPEC. 16 The results of the present study indicate that the gene encoding EAST1 is widely distributed among diarrheagenic E. coli isolated from preweaning piglets. The PCR assay is a reliable and practical alternative for the identification of the EAST1 gene. EAST1 may repre-sent an additional determinant in the pathogenesis of E. coli diarrhea in preweaning pigs.
